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1.
Introduction

In [1] RAN2 asks RAN1 to provide an estimate of the camping times in CELL_FACH that would benefit from a measurement reporting update mechanism. A path loss analysis was provided in [6] and this document presents system simulations related to the issue. The purpose of this study is to analyse the feedback method based on measurered CPICH Ec/Io (agreed in [2] to use RACH reporting for uplink feedback) by the UE for the link adaptation or TFRC selection of the UE in enhanced CELL_FACH state. The analysis tries to give answers to two questions:

· What is the loss in performance if the measurement of CPICH Ec/Io is routed via RNC to Node B from the UE instead of direct delivery from the UE to Node B?

· How often the UE should provide the feedback in CELL_FACH state?

The answer for the first question is obtained from the system level simulations where the measurement report is delayed some certain time to approximate the delay when the measurement is routed via RNC to Node B and the delay when the report is delivered directly to Node B from the UE. The former method doesn’t bring any changes other than the RNC has to put the report value into Frame Protocol frame of the HS-DSCH. The latter option would introduce a new mechanism in order to Node B being capable of extracting the measurement result from the RACH.

The answer for the second question is also obtained via system level simulations where the actual measurements are evaluated. [3, subchapter 9.1.2] defines the accuracy requirement for the CPICH measurement to be ±3 dB. This value can be set as a trigger value to send a new measurement report. In other words, when the measured CPICH Ec/Io is changed more than ±3 dB, the UE should report the new value. 

2. CPICH measurement

2.1
CPICH Ec/Io
[3] states that: “In the CELL_FACH state the measurement period for intra frequency measurements is 200 ms”. In addition, the UE physical layer should provide measurements to higher layer with the measurement period of 200 ms and during the CELL_FACH state the UE shall continuously measure identified intra frequency cells. 

[3] also states that the accuracy requirement for the measurement is ±3 dB.
2.2
Modeling

In the modeling a narrow-band CPICH SIR used for a normal CQI calculation in the UE is used to model the CPICH Ec/Io measurement. The CPICH SIR samples from each slot during the measurement period of 200 ms are gathered and after each measurement period the averaging is performed.
3. Simulations
3.1.
Environments

The simulations are carried out in macrocell and outdoor to indoor environments. The macrocell scenario includes 7 Node B’s with 21 sectors under one RNC. Two different inter-site-distances are used, namely 500 and 2800 metres. The outdoor to indoor scenario has three interfering macro cells and 9 indoor cells in multi-building world. The UEs are moving around the indoor cells. The UE velocities used in the study are 3 km/h, 30 km/h and 50 km/h. The main simulation environment parameters are highlighted in Table 1. Appendix A gives details for the simulation parameters.

Table 1 Simulation environment parameters

	Environment
	Outdoor to indoor
	Vehicular

	Cell type
	Micro/Pico
	Macro

	Cellular layout
	Three interfering macro cells + 9 indoor cells
	Hexagonal grid

	Channel model
	Pedestrian A
	Vehicular A

	UE velocity
	3 km/h
	3 km/h, 30 km/h, 50 km/h

	Shadowing log-normal standard deviation [dB]
	10
	8

	Correlation distance
	10
	50

	Site correlation
	N/A
	0.5

	Sector correlation
	N/A
	1.0

	Call length
	Fixed 5 seconds
	Fixed 5 seconds


3.2. Modeling
3.2.1
Feedback
It’s assumed that delay from the point the measurement is available in the UE to the point when the measurement is available in the Node B when routed via RNC is 250 ms. Another assumption is that delay for the direct delivery of the measurement by the UE to the Node B is 10 ms.  

The averaged CPICH SIR is transformed to the CQI value similarly as with normal HSDPA. The CQI is then sent to the Node B that waits a certain delay (10 or 250 ms) before it takes the CQI value into use for the UE in enhanced CELL_FACH state. The feedback (i.e. the measurement reporting) is assumed to be periodic with the period of 200 ms or initial with only one measurement sent in the beginning of the call.
The UEs make CPICH SIR (narrowband) measurements over 200 ms average so that consecutive measurement windows are not overlapping. The first measurement result is kept as a reference to which the next measurements are compared. Thus one can obtain time after which the propagation conditions change more than a predefined threshold in the accuracy of the measurement window (averaging) length as depicted in Figure 4. The 200 ms measurement window and threshold of 3 dB is used based on the CPICH Ec/Io measurement period length of 200 ms and accuracy requirement of ±3dB [2].
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Figure 1 CPICH SIR measurement
3.3. Simulation results
3.3.1
Macro

Figure 2 and Figure 3 illustrate the physical layer throughput of active TTIs of the UE in enhanced CELL_FACH state in the case of ISD being 2800 and 500 metres, respectively. In both cases the throughput is more depending on the velocity of the UE than the delay of the measurement report. The difference in the throughput with the same velocity but different delay is very marginal on the linear part of the curve (from 20 – 80 percentile part of the curve). Largest difference is about 5 % in the case of ISD being 500 metres. On the upper tail, all the cases converge because the UE uses the same TFRC in a large range of CQI values (CQIs from ~17 to 30) due to parameter settings used in the simulatios. The lower tail is suffering from too aggressive TFRC selection with only 1 retransmission available but because the aggressive TFRC selection is same in every case it doesn’t violate the analysis here. Also some kind of converging between different cases can be seen on the lower tail. 

Figure 4 and Figure 5 show the corresponding average residual BLER figures for the cases of ISD being 2800 and 500 metres, respectively. Similar to physical layer throughput results, the average residual BLER on the linear part of the curve differs only 2-4 % at maximum. Some difference can be noted on the upper tail in the case ISD 500 metres. There with higher UE velocities (30 and 50 km/h) the difference in BLER value can be up to 0.07 (or difference is 10 %) if the 90 % position is examined when the UE velocity is 50 km/h. And it’s also very evident that the BLER is more spread according to UE velocity in the case of smaller geographical cell sizes.
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Figure 2: Physical layer throughput when ISD is 2800 metres.
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Figure 3: Physical layer throughput when ISD is 500 metres.
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Figure 4: Average residual BLER when ISD is 2800 metres.
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Figure 5: Average residual BLER when ISD is 500 metres.


It can be noted that in simulated macrocell environments there is no significant loss in performance if the measurement report is routed via RNC.

3.3.2
Outdoor to indoor
Figure 6 illustrates the physical layer throughut in outdoor to indoor environment. Both 10 and 250 delays in feedback are simulated in cases of periodic and initial feedback available. Easily one can notice that lower tail (coverage) is behaving similarly in each case, as upper tail. The differences can be seen in the middle area between 10 and 90 percentiles. There quite constant gain can be seen between 10 and 250 delay in periodic case being 2-3 % but no difference in initial feedback case. And the difference between short delay (10 ms) and initial feedback is around 6-8 %. 
Figure 7 illustrate the cumulative distribution function of when the averaged CPICH SIR over 200 ms measurement period changes more than ±3 dB in simulated outdoor to indoor environment. Almost with probability of 0.5 the averaged propagation conditions change more than ±3 dB during the first measurement and with probability around 1 already within two seconds. However, as Figure 6 indicates no big loss in physical layer performance can be seen if only initial measurement is available when the call length is five seconds. This is because the instantaneous channel conditions at time instant the UE is scheduled can be very different than the measurement result used as a feedback due to fast fading effect.

Figure 8 shows the error in delayed (either 10 or 250 ms) feedback report compared to non-delayed measurement. One can not that when delay is 250 ms, the error in averaged CPICH SIR is quite remarkable but because of long averaging period and fast fading the difference between shorter and longer delays is not effecting that much on physical layer throughputs as depicted in Figure 6.
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Figure 6: Outdoor to indoor physical layer throughput in case when periodic or initial feedback is available.
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Figure 7: Cdf of time the averaged CPICH SIR changes more than 3 dB, outdoor to indoor environment.
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Figure 8: Error in CPICH SIR, outdoor to indoor environment.


4.
Conclusions
Based on the simulation results in macro and outdoor to indoor environments, the physical layer performance of the UE in enhanced CELL_FACH state is only marginally lower in the case the feedback is routed via RNC to Node B compared to direct delivery from the UE to Node B. This is because the instantaneous channel conditions at time instant the UE is scheduled can be very different than the measurement result averaged over long averaging window.
With outdoor to indoor it was also analysed what is the performance if only initial measurement is available during the call of five seconds. It was shown that there is a 6-8 % loss in physical layer throughput in the area of 20 – 80 percentiles but no difference in coverage critical area when only initial measurement is available compared to periodic reporting.
As a summary, only initial measurement report routed via RNC as normal L3 measurements may be enough in simulated macro and outdoor to indoor environments if time in enhanced CELL_FACH state is few seconds. This option also keeps the signalling requirements quite minimal.
A separate document proposing to indicate these findings as a response to LS from RAN2 [1] is submitted [4].
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Appendix A
	 Parameter
	Macro
	Outdoor to indoor

	Cellular layout
	Hexagonal cell grid, wrap-around. 7 Node B’s and 21 sectors.
	Multi-building world with 3 interfering macrocells and 9 indoor cells.

	Cell radius
	Macro: 933, 133 m
	N/A.

	UE speed
	3 km/h, 30 km/h or 50 km/h
	3 km/h

	Antenna
	3GPP_70
	

	CPICH power (Perch power)
	33 dBm
	33 dBm (macro) / 4 dBm (indoor)

	Std. deviation of slow fading
	8 dB 
	10 dB

	Correlation between sectors
	1.0
	N/A

	Correlation between BSs
	0.5
	N/A

	Correlation distance of slow fading
	50 m 
	10 m

	Carrier frequency
	2000 MHz
	2000 MHz

	BS antenna gain
	14 dB
	14 dB

	Antenna front to back ratio
	-20 dB
	-20 dB

	UE number of RAKE fingers
	8
	8

	UE receiver
	RAKE
	RAKE

	Power resource for HS-DSCH
	-2.2 dB Ec/Ior
	-2.2 dB Ec/Ior

	Code resource for HS-DSCH
	5
	5

	Maximum number of HS-FACH users per cell
	10
	10

	HSDPA RLC PDU size
	320 bits
	320 bits

	HSDPA packet scheduling algorithm
	Round robin in time
	Round robin in time

	Number of HS-SCCH per cell
	1
	1

	Power control method for HS-SCCH
	Fixed power
	Fxed power

	Number of subscribers
	28000
	28000

	Simulation time
	6 minutes i.e. 540 000 slots 
	6 minutes i.e. 540 000 slots

	Service
	Full buffer model with 5 second packet call length for physical layer performance.
	Full buffer model with 5 second packet call length for physical layer performance.

	Channel models
	Modified Vehicular A 
	Modified Pedestrian A

	Tap gains
	[-3.1; -5.0; -10.4; -13.4; -13.9; -20.4]
	[-0.2; -13.0]
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